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Background and aims: The government of India recently planned to start the process of the mass
vaccination program to end the COVID-19 crises. However, the process of vaccination was not made
mandatory, and there are a lot of aspects that arise skepticism in the minds of common people regarding
COVID-19 vaccines. This study using machine learning techniques analyzes the major concerns Indian
citizens voice out about COVID-19 vaccines in social media.
Methods: For this study, we have used social media posts as data. Using Python, we have scrapped the
social media posts of Indian citizens discussing about the COVID- 19 vaccine. In Study 1, we performed a
sentimental analysis to determine how the general perception of Indian citizens regarding the COVID-19
vaccine changes over different months of COVID-19 crises. In Study 2, we have performed topic modeling
to understand the major issues that concern the general public regarding the COVID- 19 vaccine.
Results: Our results have indicated that 47% of social media posts discussing vaccines were in a neutral
tone, and nearly 17% of the social media posts discussing the COVID-19 vaccine were in a negative tone.
Fear of health and allergic reactions towards the vaccine are the two prominent issues that concern
Indian citizens regarding the COVID-19 vaccine.
Conclusion: With the positive sentiments regarding vaccine is just over 35%, the Indian government
needs to focus especially on addressing the fear of vaccines before implementing the process of mass
vaccination.

© 2021 Diabetes India. Published by Elsevier Ltd. All rights reserved.
1. Introduction

During the mid of March 2020, WHO has announced the COVID-
19 crisis as a pandemic global health crisis [1]. We are at the
beginning of 2021, yet the normalcy hasn’t returned, and many
parts of the world are still in lockdown. The scariest aspect of this
pandemic is, with the threat of the second wave being imminent,
some experts believe the worst is yet to come. With countries like
the United States of America and Germany, which records more
COVID-19 cases now, compared to four months earlier, it can be
inferred that the ongoing crises may well go beyond 2020. The year
2021 brings new hope to the Indian citizens as the daily surge of
COVID-19 cases in India was under 20,000 cases for most parts of
the year.

However, vaccinating the general public is one of the safest ways
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to halt any pandemics outbreak, including the current COVID-19
crises. The growing human rights concerns, anti-vaccine move-
ment, and skepticism towards the vaccine and its effects may result
in the process of vaccination becoming a complicated task.

However, no studies were conducted to analyze the common
citizen’s perception of COVID-19 vaccines. Our study focuses on
analyzing Indian citizens’ perspectives on COVID-19 vaccines. Our
research focuses on answering the following questions.

RQ 1: What is the attitude of Indian citizens towards the COVID-
19 vaccine? How it differs across various months of COVID-19
crises?

RQ 2: What are the major concerns voiced out by Indian citizens
towards the COVID- 19 vaccine?

Previous studies have identified that several factors could lead
an individual to develop their perspective towards vaccines and
their effects [2,3]. Previous research has also indicated that people
are more prone to reject the vaccine for a newly detected disease
[4]. With the Indian government planning to vaccinate the citizens
from the beginning of the year 2021, it is important to understand
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the general public’s mental attitude towards the vaccine. This study
will help government officials and policymakers understand the
issues that need to be addressed before initiating the process of
mass vaccination.

2. Methods

2.1. Data collection and data pre-processing

We have used social media posts of Indian citizens to under-
stand common citizens’ mental attitudes towards the COVID-19
vaccine and the effect of the vaccination during pandemic times.
By using Python library Twint, we have scrapped tweets that
contain the words ‘Covid vaccine.’ For this study, we have chosen
Twitter as a data source because, after the outbreak of COVID-19,
more and more individuals worldwide began to use Twitter as a
platform to share their concerns about the pandemic and receive
updates about COVID-19 [5]. From the previous studies conducted
in the past, we can infer that social media is the best source from
which we can understand the general public’s behavior during
unprecedented times [6e9].

For our analysis, we have collected tweets that contain the
words “Covid vaccine.” Python library Twint has an option of
geographical filtering, and by using the option, we have collected
tweets that belong to India. For this study, we have only chosen
tweets written in the English Language. After eliminating the
tweets that belong to other languages, we have finally chosen
73,760 unique English tweets for the study. To counter the damages
that may be caused due to the unbalanced sample, we choose an
equal number of tweets for eachmonth in our corpus. After that, we
performed the data cleaning process for the data in our corpus. We
performed the process of removing the stop words, removing the
numbers, punctuations, and hyperlinks that are not needed for our
data analysis. Stop words are the words in the corpus that do not
have anymeaning of their own and are therefore not needed for the
analysis. Stop words are generally articles and prepositions that do
not have any meaning of their own and do not provide any merit.
After removing the stop words from the corpus, we performed the
process of stemming and lemmatizing to the data in our analysis.

Stemming is the process of eliminating the terminations of
terms to identify their root type. On the other hand, lemmatization
is the process of grouping different types of words together so that
they will be grouped, thus reducing the dimensionality.

2.2. Research methodology

2.2.1. Sentimental analysis
The objective of study 1 is to understand the sentiments of In-

dian citizens towards the COVID-19 vaccine. We performed the
process of sentiment analysis to understand the attitude of Indian
citizens towards the COVID-19 vaccines. Sentimental analysis is a
process by which the sentiment score of the data is determined
after the analysis.

Sentiment analysis is described as “the automatic method to
extract and analyze the subjective judgments on different aspects
of an item or entity” [10]. Sentimental analysis is a machine
learning process that involves the use of NLP (Natural Language
Processing) with the objective of identifying the emotions the au-
thors of a particular text expressed through his words [11]. Senti-
mental analysis at the beginning was done on the document level
[12], then on the sentence level, and [13] on the phrase level [14,15].

Sentiment analysis computationally distinguishes and classifies
opinion reflected in a particular section of text by the author about
the subject that the premise is built upon. The sentiment analysis’s
main objective is to determine the rate of the polarity and by which
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the tone expressed by the author in a particular corpus can be
defined as positive, negative, or neutral. For this study, we used the
computer programming language Python for collecting the tweets.
Specifically, we have used the library twint for the process of data
analytics. Some of the early studies conducted on sentiment anal-
ysis of Twitter data are [16,17]. For this study, we have used the
python library Textblob to process the textual data. Textblob, using
NLP (Natural Language processing) and advanced machine learning
principles, analyze every word in the documents presented in the
corpus and define the overall sentiments being projected as posi-
tive, negative, or neutral [18].

2.2.2. Latent Dirichlet Allocation (LDA)
The main objective of the first study is to understand the atti-

tude of Indian citizens towards COVID-19 vaccines. However, a
sentimental analysis study won’t indicate the major factors or is-
sues that shape the attitude of Indian citizens towards the COVID-
19 vaccines. To understand the major aspects that lead Indian cit-
izens to have the attitude, we have conducted study 2. We per-
formed LDA (Latent Dirichlet Allocation) topic modeling in study 2
to understand the major aspects Indian citizen voices out that
shapes their attitude towards COVID-19 vaccine. Latent Dirichlet
Allocation topic modeling was first introduced in 2003 by Blei, Ng,
and Jordan. Topic modeling is a process that summarizes a vast
archive of texts by discovering the topics and themes hiddenwithin
a set of corpora by using a group of algorithms [19]. Before the
introduction of LDA, Probabilistic Latent Semantic Indexing was
used in deriving topics. The basic theory behind Probabilistic Latent
Semantic Indexing is that the algorithms model each word in a
document as a sample from a mixture model, where the mixture
components are the multinomial random variables, and that can be
represented as topics. However, one of the main disadvantages of
Probabilistic Latent Semantic Indexing is its algorithms does not
provide a probabilistic model at the document level [20].

LDA follows the “Bag of words” assumption, which represents a
document as a mixture of latent topics in which a topic is a
multinomial distribution over words. The core aspect of Latent
Dirichlet Allocation (LDA) topic modeling is that the algorithms
assume that all the documents in a data frame or corpus exhibit a
similar set of topics which each of the documents exhibits a various
probabilistic mixture of those topics. It works under the assump-
tion that a specific group of words is prone to get associated with
specific topics. Using LDA, one can discover latent topics from
extensive unstructured data. To facilitate a better understanding of
the identified issues, we used the library LDAvis.

3. Results

3.1. Study 1: Sentimental analysis

We have chosen 18,440 tweets across different months of the
year 2020 to observe the attitude of Indian citizens towards the
vaccine and its effects. It can be inferred from Table 1 that neutral
and positive statements dominated the data frame. Nearly 47% of
the social media posts in the last four months of 2020 about vac-
cines and their effects were in a neutral tone. 35% of the social
media posts about the vaccine were in a positive tone, and 16.6%
were in a negative tone. A close analysis of the table shows a slight
increase in a positive and neutral tone and a considerable decrease
in the negative sentiments as the number of cases piles up. There
was an approximate 1.4% increase in positive tone during December
comparing to the previous four months, and there was a 5.2%
decrease in negative sentiments during December compared to
October. It can be inferred that there is a strong correlation between
the increase in positive sentiments towards the COVID-19 vaccine



Table 1
Sentimental analysis.

Month Total
Tweets

Neutral % Positiv e % Negati ve % Total cases

September 18,440 8672 24.5 6396 24.4 3372 27.4 6.3 M
October 18,440 8660 24.4 6512 24.9 3268 26.5 8.1 M
Novem ber 18,440 9084 25.6 6444 24.6 2912 23.6 9.4 M
December 18,440 8936 25.2 6764 25.8 2740 22.2 10.2 M

73,760 35,352 26,116 12,292

Note: The total in the first column refers to the total number of tweets belongs to a particular month. The fourth, sixth, and eighth columns refer to the percentage of positive,
negative, and neutral tweets compared to the total number of positive, negative, and neutral tweets of all months in the data frame. For example, the month of September
records 8672 neutral tweets, that is 24.5% of the total number of neutral tweets (n ¼ 35,352) recorded across all the months in the data frame.
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and an increase in the number of COVID-19 cases. The results of the
sentimental analysis were given in Table 1. The graphical repre-
sentation of the results of the analysis was given in Fig. 1 and Fig. 2.

3.2. Study 2: Topic modeling

Though sentimental analysis gave an insight into the general
public’s attitude towards the COVID-19 vaccine and its effects, it
hasn’t helped us understand the major issues that shape the gen-
eral public’s attitude. To understand the general public’s concerns
regarding the vaccine and its effects, we further performed Latent
Dirichlet Allocation topic modeling for the tweets about the vaccine
that has negative sentiments. The results of the topic modeling
were given in Table 2.

4. Discussions and conclusion

4.1. RQ 1: What is the attitude of Indian citizens towards the
COVID-19 vaccine? How it differs across various months of COVID-
19 crises?

Although most common people’s opinions on social media
regarding vaccines and their effects were in neutral sentiments,
only 35% of sentiments are positive, and this should be the concern
for the government and policymakers. Unless or until the
Fig. 1. Graphical representation of data for Table 1 (Months and Total number of tweets w
Note: Fig. 1 explains how the tweets with positive, negative, and neutral sentiments vary ov
negative sentiments and how it differs for four months. As seen in the graph, in Septembe
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government can convince most of its population that the results
and the effects of the vaccine will be positive, the objective of
vaccination cannot be achieved. With the positive sentiments
regarding vaccine is just over 35%, the Indian government needs to
focus especially on addressing the fear of vaccines before imple-
menting the process of mass vaccination.

4.2. RQ 2: What are the major concerns voiced out by Indian
citizens towards the COVID- 19 vaccine?

Our findings reveal an interesting aspect that, despite COVID-19
having affected nearly 11 million people in India, a considerable
number of Indian citizens still feel that the whole pandemic is
exaggerated. This mentality will lead the citizens to reject the
vaccine. Apart from that, skepticism over the nationality of the
vaccine, skepticism over the vaccine trials, skepticism over health
after taking the vaccine, the fear of death that the vaccine may
cause, allergic reactions towards the vaccine, distrust over pharma
companies, doubts regarding data provided by the vaccine com-
panies, prevalence of numerous vaccines and concerns over
choosing the safest, and the rush in providing vaccine were the
other concerns shared by Indian citizens. Our analysis has shown
that though the Indian general public is voicing some genuine
concerns regarding the COVID-19 vaccine, some superstitious un-
proven conspiracy theories such as COVID-19 being exaggerated
ith positive, negative, and neutral sentiments for each month).
er the four months. For example, the green line represents the number of tweets with
r, there is a total number of 3372 tweets with negative sentiments were recorded.



Fig. 2. Graphical representation of data for Table 1 (Months and percentage of positive, negative, and neutral tweets).
Note: Fig. 2 explains how the percentage of tweets with positive, negative, and neutral sentiments vary over the four months. For example, the green line in the graph represents the
percentage of negative tweets for each month. As seen in the graph, the month of September alone records 27.4% of total tweets, with negative sentiments collected over all four
months in the data frame.

Table 2
Latent dirichlet allocation topic modeling.

Topic Top Words

Fear over health take, health, vaccine, COVID-19, state,
affect, jab

Allergic reactions allergic, reaction, vaccine, dose, lab,
China, patient

Fear of death ready, news, COVID-19, vaccine, guess,
heard, danger, dead

Skepticism over vaccine trails get, say, trail, vaccine, test, actual, ill,
won’t

COVID-19 being exaggerated COVID-19, vaccine, cure, laugh, exaggerate, freak, agenda
Skepticism over the nationality of the vaccine efficient, Pfizer, Sputnik, trust, don’t,

government, Chinese, country
Negative feeling towards pharma companies won’t, don’t, pharma, Bill, Gates, bad,

CDC
Doubts regarding data FDA, Pfizer, COVID-19, data, corrupt, safety, posit,
Various vaccines pandemic, Fauci, AstraZeneca, Pfizer,

Moderna, scientist, concern, safe
Rush in providing the vaccine Will, year, need, school, rush, administration, effect, worry
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and the dislike or disbelief toward certain vaccines because of the
nationality were also echoed while discussing about the COVID-19
vaccine. Our studies show that a considerable percentage of the
Indian population on social media does not trust government and
pharma companies.

With recent research indicates that the immunity of even
COVID-19 survivors is likely to stay in the system only for eight
months [21], it is important for policymakers and the government
to invest in educating the general public on the pros of vaccination
and how important it is necessary to return to normal life.
Considerable efforts should be taken by the governments, pharma
companies, and NGOs in educating the general public about the
vaccination program and the necessity of implementing it to return
to normal life. Special emphasis should be given to ensure all the
hoaxes and insecurities of the general public regarding the COVID-
598
19 vaccines are addressed so that it will motivate and encourage the
general public to take vaccines.
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